INTRODUCTION
Haplotype analysis has become an essential step when investigating an association between several polymorphisms within a gene and a phenotype. Haplotype-based analysis may help to differentiate the true effect of a polymorphism from what is due to its linkage disequilibrium with other variants (Frere et al., 2006; Tregouet et al., 2003a) . Haplotypes may serve as better markers for unknown functional variants than single nucleotide polymorphisms (SNPs) . And importantly, they may also define functional units whose effects cannot be predicted from what is known of the individual effect of each variant that enters into their combination. When investigating unrelated individuals, haplotypes can generally not be deduced from genotypes and must be statistically inferred. This explains why a large amount of work has been devoted to the development of statistical tools allowing to infer haplotypes, and in particular for simultaneously estimating haplotype frequencies and haplotype effects [see (Adkins, 2004; Marchini et al., 2006; Niu, 2004; Salem et al., 2005; Weale, 2004) for different reviews on methods and software]. We initially developed maximum likelihood methods for haplotypebased association analysis of quantitative and binary (casecontrol) phenotypes (Tregouet et al., 2002) , and these methods were later extended to matched case control and survival analysis (Tregouet and Tiret, 2004) . All methods were implemented into the THESIAS (Testing Haplotype EffectS In Association Studies) software, which is based on the Stochastic-EM algorithm (Tregouet et al., 2003b) . The SEM algorithm has the advantage over the standard EM algorithm of being more robust to problems of lack of convergence and convergence to local minima (Tregouet et al., 2003b) . Besides, unlike software that treat haplotype as observed, our algorithm is a multiple-imputation algorithm that never assigns haplotype to individuals, and is therefore not subject to type I error inflation (Curtis and Sham, 2006) .
IMPLEMENTATION AND METHODS
THESIAS has already been used by several research groups [e.g. (Inoue et al., 2006; Meyre et al., 2005; Qi et al., 2006; Wootton et al., 2006) ], but a wider use was limited by the lack of a graphical interface. This is why we developed a graphical JAVA-based interface allowing one to run THESIAS in a user-friendly way (Fig. 1) . Selection of genotypes, phenotype and covariates is made through scroll list while options are selected through check boxes. Detailed description of how to use THESIAS is described in a documentation file.
In addition, the polytomous logistic model (Ananth and Kleinbaum, 1997) has now been implemented into the THESIAS software allowing one to address the association of haplotypes with a categorical phenotype, and THESIAS has also been extended to incorporate analysis of X-linked polymorphisms and the possibility to include an offset variable in the standard haplotype logistic regression analysis.
From a set of di-or tri-allelic polymorphisms genotyped in a sample of unrelated individuals, THESIAS output provides Allele frequencies for each SNP Tests for deviation from Hardy-Weinberg equilibrium at each locus using the standard 2 goodness-of-fit test Fig. 1 . Java-based THESIAS Interface *To whom correspondence should be addressed.
Haplotype frequencies and their standard errors (SE) estimated from the genotypic data at each locus Pairwise linkage disequilibrium (LD) coefficients between SNPs. LD is expressed in terms of both r 2 and D 0 which is the ratio of the unstandardized coefficient to its maximal/minimal value. The statistical significance is then tested by means of a 2 test with 1 df (Thompson et al., 1988) . Squared-correlation coefficient (R 2 ) between true and predicted haplotype dosage as described in (Stram et al., 2003) Haplotype effects (SE) on the phenotype. Effects are expressed either as haplotypic odds ratio, mean effect or hazard ratio by reference to the most frequent haplotype. Some effects (such as those that are associated with rare haplotypes) can be fixed to 0.
THESIAS includes the possibility of:
Testing the null hypothesis of no association of haplotypes with the phenotype by means of the likelihood-ratio test (with k À 1 degrees of freedom for k haplotypes)
Testing for the absence of deviation from the (by default) assumption of additivity of haplotype effects on the phenotype Adjusting for covariates and testing interactions between these covariates and haplotypes
Testing specific hypotheses about haplotype effects by setting appropriate constraints on regression parameters. Two types of hypotheses can be tested:
Homogeneity of haplotype effects: for example, testing ABC ¼ AbC ¼ abC enables one to test whether the effects of the three haplotypes carrying the C allele are homogeneous, where i is the effect associated with haplotype i Homogeneity of allele effects according to different haplotypic backgrounds: for example, testing ABC À ABc ¼ AbC À Abc ¼ aBC À aBc enables one to test whether the effect of the C/c polymorphism is homogeneous according to the three haplotypic backgrounds AB-, Ab-and aBPerforming haplotype analysis using missing genotypic data that are inferred from non-missing genotypes and the estimated haplotype frequencies.
CONCLUSION
THESIAS is one of the most complete software for haplotype analysis in unrelated individuals that can treat quantitative, binary (matched and unmatched case control), survival and polychotomous phenotype analyses while adjusting for covariates and testing haplotype Â environment interaction. A graphical JAVA-based interface is now proposed for the THESIAS software that should make THESIAS easier to use. This JAVA implementation of THESIAS is mainly devoted to the in-depth analysis of SNPs within a candidate gene or a candidate region and may not be appropriate for the analysis of a very large number of SNPs where sliding-window approaches should be preferable. The source C code underlying THESIAS is, however, available upon request so that anyone interested in sliding-window approaches can develop his/her own batch mode program. The main limitations of the THESIAS program are that all computations are performed under the assumption of Hardy-Weinberg equilibrium at the haplotypic level that prospective likelihood is used for case-control analysis instead of retrospective likelihood (Epstein and Satten, 2003) and that, in its current version, only di-and tri-allelic polymorphisms can be investigated. The statistical core of THESIAS is written in ANSI C. Dynamic link libraries compiled for Windows, Linux and some Unix systems were linked to a JAVA-based interface requiring the Java Standard Edition Runtime Environment version 1.4.2 (or more). THESIAS is available free of charge from http://genecanvas.ecgene.net/and distributed under the GPL license.
